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Abstract. We evaluated the effects of three translocation trials on Common Amakihi 
(Hemignathus virens) and Japanese White-eyes (Zosterops japonicus). Trial 1 involved cap- 
turing birds, transporting them on rough roads for 4 hr followed by holding in an aviary 
for 48 hr without overnight thermal support prior to release. Trial 2 involved capture, then 
holding in an aviary for 48 hr with overnight thermal support followed by transport for 4 
hr prior to release. Trial 3 and I were identical except that overnight thermal support was 
provided during trial 3. We monitored survival, food consumption, weight change, and fecal 
production during captivity as well as changes in hematocrit, estimated total solids, hetero- 
phil to lymphocyte ratios, plasma uric acid, and creatinine phosphokinase (CPK) at capture 
and release. Survival was significantly lower for Amakihi during trial 1 (no thermal support). 
Birds that died lost significantly more weight than those that survived. Regardless of trial, 
birds responded to translocation by a combination of weight loss, anemia, hypoproteinemia, 
and elevated heterophil to lymphocyte ratio, uric acid, and CPK levels. The first 24 hr of 
captivity posed the greatest risk to birds regardless of whether transport or holding occurred 
first. Food consumption, fecal production, and weight all decreased at night, and overnight 
thermal support during holding was critical if ambient temperatures dipped to freezing. We 
recommend that if small passerines are to be held for > 12 hr, they be monitored individually 
for weight loss, food consumption, and fecal production. 
Key words: Common Amakihi, Hemignathus virens, Japanese White-eye, physiology, 
translocation, Zosterops japonicus. 
INTRODUCTION 
Translocation is one of many tools for preser- 
vation and enhancement of endangered birds 
(Jackson et al. 1983, Griffith et al. 1989, Wolf 
et al. 1996). However, most studies investigating 
translocation of passerines focus on survival 
post-release. There is little information on the 
physiologic effects of translocation on birds. 
Scott and Carpenter (1987) recognized the pau- 
city of objective data on avian translocation. 
This lack of knowledge assumes greater impor- 
tance in endangered birds because the loss of 
each individual during translocation assumes 
greater proportional importance to the whole 
population. 
Understanding the physiologic effects of 
translocation on small passerines may elucidate 
risk factors and enable more effective interven- 
tion or management to increase survival prior to 
release. Several blood parameters can indicate 
whether birds are stressed, dehydrated, or un- 
dergoing negative energy balance during trans- 
location. For example, elevations of hematocrit 
and estimated total solids may be an indication 
of dehydration (Quesenberry and Hillyer 1994). 
Increased plasma uric acid may indicate a bird 
on a high protein diet, renal disease, or dehy- 
dration, whereas increased plasma creatinine 
phosphokinase may indicate excessive skeletal 
muscle breakdown (Hochleithner 1994). Elevat- 
ed heterophil to lymphocyte ratios in birds are a 
common manifestation of stress (Gross and Sie- 
gel 1983) or inflammation (Campbell 1994). 
This study evaluated the physiologic effects 
of different translocation trials on two common ' Received 5 April 1998. Accepted 14 October 1998. 
[21] 
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species of forest birds in Hawaii in order to de- 
velop guidelines for translocation of endangered 
species. 
METHODS 
We used three translocation trials. Trial 1 in- 
volved capture, transport on rough roads for 4 
hr, and holding in an aviary for 48 hr without 
overnight thermal support prior to release. Trial 
2 involved capture, then holding with overnight 
thermal support for 48 hr followed by transport 
for 4 hr prior to release. Trial 3 was identical to 
trial 1 except that overnight thermal support was 
provided. 
We used Common Amakihi (Hemignathus vi- 
rens) and Japanese White-eyes (Zosterops ja- 
ponicus) as surrogates for endangered passerines 
because both were small (< 15 g) and common 
in the study site. Common Amakihi are endemic 
Hawaiian honeycreepers and members of a sub- 
family containing 14 endangered taxa. Japanese 
White-eyes (Zosteropidae) are an introduced 
species that is widespread in Hawaiian forests 
and other habitats. Both species forage for in- 
sects and nectar in Sophora chrysophylla (Fa- 
baceae) and Myoporum sandwicense (Myopor- 
aceae) trees that dominate the dry subalpine 
woodland study site on the west slope of Mauna 
Kea volcano, Hawaii (Scott et al. 1986). We en- 
deavored to capture 10 of each species for each 
trial during 4-13 December 1996. 
CAPTURE AND BLEEDING 
We captured birds with mist nets which were 
opened at 07:30, checked every 10-15 min, and 
closed at 12:00 (trial 1 and 3) or 14:00 (trial 2) 
to allow birds > 1 hr of daylight to acclimate to 
the aviary. 
When birds were extracted from nets, time 
was recorded to the nearest minute using syn- 
chronized watches, colored bands and U.S. Fish 
and Wildlife Service bands were attached, and 
culmen and tarsus lengths (nearest 0.1 mm) and 
wing chord (nearest mm) were measured. Ami- 
kihi were aged according to plumage; we were 
unable to age white-eyes. We placed birds in 
tared cotton bags and weighed them (nearest 0.1 
g) on an electronic scale. We recorded weights 
at capture, prior to transport, prior to transfer to 
the aviary, and prior to release. Designated per- 
sonnel scored fat reserves on a scale of 0 to 4 
at capture and at release (Pyle et al. 1987). 
After banding and weighing, we took 0.1 cc 
of blood from the jugular vein with a sterile 1 
cc heparinized syringe and a 28 gauge 13 mm 
needle. This was followed by a subcutaneous in- 
jection of a 24 hr maintenance dose (50 ml kg-1) 
of lactated ringers solution either in the medial 
thigh or between the shoulder blades (Quesen- 
berry and Hillyer 1994). Birds were bled again 
prior to release, but no fluid was given. After 
bleeding, we offered nectar (Nectar 15, Row- 
dybush, Sacramento, California). Birds were 
then held individually in weighing bags in a 
warm area for < 2 hr prior to holding or trans- 
port. Time was recorded at the start and end of 
transport and holding, and at bleeding and re- 
lease. 
TRANSPORT 
Transport cages consisted of a wooden box sub- 
divided into four 10.5 x 20 x 14.5 cm com- 
partments each housing a single bird. The rear 
of each compartment had a small screen window 
for observation, and a small hole to allow place- 
ment of a nectar tube. During transport, a person 
stabilized the cages which were suspended by 
elastic cord and darkened with cloth to keep 
birds calm. Every 50 min, the vehicle was 
stopped and nectar offered to each bird for 10 
min. After each transport, boxes were disinfect- 
ed with dilute quaternary ammonium compound. 
AVIARY 
Screened holding cages measured 10 x 45 x 25 
cm, weighed < 800 g, and were supplied with 
perches, nectar tubes, and food cups. Feces were 
collected on a sheet of paper taped to the outside 
of the hardware-mesh cage floor. We placed cag- 
es on shelves in a 2.4 m3 aviary that was shel- 
tered by tarps during the night. For trials 2 and 
3, a small space heater and two heat lamps pow- 
ered by generators provided overnight thermal 
support. Empty holding cages were weighed be- 
fore and after bird occupancy. Birds were of- 
fered finely chopped fruit in a pre-weighed pa- 
per food cup and nectar in a nectar tube fastened 
to the cage wall. 
We made daily aviary checks at 07:00 and 16: 
00 during which we weighed the cage and bird, 
minus spilled food, food cup, nectar, and paper. 
The initial cage weight was subtracted from this 
weight to obtain the bird's weight. After record- 
ing nectar level, we cleaned and replenished 
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nectar tubes, provided a new cup of fresh fruit, 
and replaced the floor paper. 
Fruit consumption was calculated by weigh- 
ing residual fruit and subtracting from initial 
weight. We calculated nectar consumption using 
the formula for volume of a cylinder (m2rh) 
where h was the level of nectar consumed in mm 
and r was the radius of the nectar tube (12.5 
mm). Fecal droppings on the floor paper were 
counted and classified according to percent urate 
composition (< 25%, 25-75%, or > 75% 
urates). Between trials, holding cages were dis- 
infected with dilute quaternary ammonium com- 
pounds. 
We also made aviary checks at 22:00 and 02: 
00 to assess effects of overnight temperature on 
captive birds. We recorded temperature using 
thermometers located at the front and rear of the 
aviary; aviary temperature was taken for the sec- 
ond night only in trial 1. A puff score indicating 
degree of feather fluffing (0-no fluffing, 1- 
moderate fluffing, 2-marked fluffing) was as- 
signed to each bird to determine the severity of 
response to night-time temperatures. Daily max- 
imum and minimum ambient temperature were 
recorded outside the aviary with a sheltered 
max/min thermometer. 
Birds were removed from the aviary and giv- 
en supportive care if they were not perched and 
had a puff score of 2. Supportive care involved 
a combination of placing the bird in a brooder 
at 280C, offering nectar and fruit, gavage with 
warm nectar, subcutaneous administration of 
lactated ringers, and intramuscular administra- 
tion of 10 mg kg-' prednisolone sodium succi- 
nate or 0.3 ml kg-' Injacom-100 (a vitamin sup- 
plement). Birds were returned to the aviary once 
they were able to perch and feed on nectar. 
CLINICAL AND ANATOMIC PATHOLOGY 
Thin blood smears were made in duplicate im- 
mediately after collection and remaining blood 
was stored at 40C in heparinized capillary tubes 
for up to 8 hr. We obtained hematocrit (%) with 
a centrifuge and estimated total plasma solids 
(mg dl-') with a temperature adjusted refractom- 
eter (Campbell 1994). Plasma was stored in 
cryovials at -1960C. Smears were stained with 
a Wright's-Romanowsky stain, and 200 white 
cells counted for differential. Creatinine phos- 
phokinase (CPK) (IU 1-') and uric acid (mg dl-') 
were determined using a Vettest 8008 (IDEXX, 
Westbrook, Maine) automated chemistry analyz- 
er. 
We performed a complete external and inter- 
nal examination on birds that died. Brain, skel- 
etal muscle, bone marrow, liver, kidney, spleen, 
gastrointestinal tract, heart, and lung were fixed 
in 10% formalin, embedded in paraffin, sec- 
tioned at 5 Rim, and stained with hematoxylin 
and eosin for histology. 
DATA ANALYSIS 
For each bird in each trial, we calculated min- 
utes spent in weighing bag (minutes in bag). 
Percent weight change during transport was cal- 
culated using weights at start and end of trans- 
port. Percent weight change during holding was 
calculated using weight at start and end of hold- 
ing. Percent weight change during captivity was 
calculated using capture and release weights. 
Percent change in hematocrit, estimated total 
solids, plasma uric acid, CPK, and heterophil to 
lymphocyte ratio were calculated using values 
from capture and release blood samples. 
Because of the dry climate at the study site, 
we evaluated the effect of desiccation on chang- 
es in fruit weight by measuring weight loss of 
10 dishes of fruit over 8 hr. We used this value 
to correct food consumption for desiccation. 
Because fluctuations in humidity throughout 
the day may have affected cage weights, we cal- 
culated the hourly change in cage weight during 
each daily aviary check interval. We used this 
value to correct each bird weight, and corrected 
bird weights were used to calculate percent 
hourly change in weight. 
We used Student's t-test or one-way analysis- 
of-variance for pair-wise or multiple compari- 
sons, respectively. We used the Mann-Whitney 
U-test or the Kruskal Wallis one-way ANOVA 
for data that did not fit assumptions of normality 
or equal variance (Daniel 1987). To maintain an 
experiment-wide level of significance at 0.05, 
we adjusted alpha using the Bonferroni test (al- 
pha n-1) with n being the number of analytes 
being compared (Rice 1989). In case of signifi- 
cant differences for ANOVA, pair-wise compar- 
isons were made using Student-Neuman-Keuls 
test with ct = 0.05. 
We compared survival between trials for each 
species separately using Chi square tests. To 
evaluate the effect of time of day of capture on 
capture weight of birds (pooled live, dead, and 
escaped birds from all trials), we used simple 
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TABLE 1. Percent change in physiological variables of Common Amakihi and Japanese White-eyes that sur- 
vived during 3 simulated translocation trials. Values are I +? SD (n).a 
Trial 1 Trial 2 Trial 3 
Common Amakihi 
Weight transport -4 ? 1 (2) 1 ? 2 (9) -6 ? 1 (10) 
Weight aviary -2 ? 3 (6) -6 ? 2 (9) 3 + 2 (10) 
Weight captivity -4 ? 6 (6) -5 + 2 (9) -3 ? 2 (9) 
Hematocrit -43 ? 5 (6)A -19 ? 4 (9)B -12 ? 5 (10)B 
Total solids -34 ? 9 (6)A 13 ? 7 (9)B 17 ? 9 (10)B 
Uric acid 22 ? 26 (6) 27 ? 35 (9) 342 (1) 
Creatinine phosphokinase 1,090 + 639 (6) 618 ? 249 (9) 646 (1) 
Heterophil/lymphocyte ratio 4,681 ? 2,425 (6) 750 ? 214 (9) 2,216 ? 633 (10) 
Japanese White-eye 
Weight transport -3 ? 2 (6)A -1 ? 2 (10)A -14 ? 3 (7)B 
Weight aviary -3 ? 2 (6) -10 ? 4 (9) 3 ? 2 (8) 
Weight captivity -4 ? 2 (6) -5 ? 1 (10) -4 ? 3 (8) 
Hematocrit -20 ? 3 (6) -17 ? 4 (10) -21 ? 5 (8) 
Total solids -5 ? 7 (6) 8 ? 5 (10) -23 ? 8 (8) 
Uric acid 30 ? 17 (6) 12 ? 22 (8) -1 ? 13 (4) 
Creatinine phosphokinase 112 ? 40 (6) 165 ? 80 (8) 291 + 56 (4) 
Heterophil/lymphocyte ratio 625 + 76 (6) 725 + 171 (10) 722 ? 303 (8) 
aA negative percent value indicates a decrease in that parameter. Means across a row with a different letter were significantly different at P < 0.01. 
linear regression. Alpha for both tests was 0.05 
based on two-tailed comparisons. 
RESULTS 
We caught 10 White-eyes and 10 Amakihi over 
two days for trial 1, and 10 of each species in 
one day for trials 2 and 3. Survival for Amakihi 
was 60%, 90%, and 100% for trials 1, 2, and 3, 
respectively; survival for white-eyes was 60%, 
90%, and 89% for trials 1, 2, and 3, respectively. 
Hatch-year birds comprised a majority (60%) of 
Amakihi caught in trials 1 and 3. One white-eye 
escaped during trial 3. Survival was significantly 
lower for Amakihi during trial 1 (X22 = 6.2, P 
< 0.05). Percent change in hematocrit was sig- 
nificantly greater for Amakihi (t,1 = 3.83, P < 
0.01) than white-eyes in trial 1. Amakihi also 
had significantly higher percent change in uric 
acid (T = 13, P < 0.01) than white-eyes in trial 3. 
For Amakihi, percent change in hematocrit 
(F2,22 = 9.8, P < 0.001) and estimated total sol- 
ids (F2,22 = 9.5, P < 0.001) was significantly 
greater in trial 1 (Table 1). For white-eyes, 6 
birds in trial 1 were held in weighing bags for 
47 ? 3 min which was a significantly (H2 = 
13.6, P < 0.001) shorter time than 10 and 8 
white-eyes in trials 2 (85 ? 3 min) and 3 (68 ? 
7 min), respectively. White-eyes in trial 3 had 
significantly greater weight loss during transport 
(F2,20 = 10.2, P < 0.001) (Table 1). Weight at 
capture increased significantly with time of day 
in Amakihi (r28 = 0.43, P < 0.05) but not white- 
eyes. 
For both species in all trials, hourly food con- 
sumption and fecal production decreased while 
percent hourly weight loss increased at night 
(Fig. 1). Percent of feces containing < 25% 
urates increased with holding time but decreased 
towards the end of holding for trials 2 and 3. 
Feces containing > 75% urates followed an op- 
posite pattern with a progressive decrease and 
an increase near the end of the holding period. 
We saw no consistent pattern for feces classified 
as 25-75% urates (Fig. 1). Fruit left in dishes 
for 8 hr lost an average of 1 ? 0.1% of their 
weight hr-1. 
Heat lamp and heaters kept aviary tempera- 
tures (X ? SD [n]) 7 ? 3oC (10) higher than 
night-time ambient (0 ? 2'C [9]); day time tem- 
peratures averaged 18 ? 2?C (9). Percent weight 
loss (X ? SE [n]) for Amakihi was significantly 
greater in birds that died (15 ? 2% [5]) vs. those 
that survived (4 ? 2% [24]) (T = 126, P < 
0.005). Percent weight loss for white-eyes that 
died (23 ? 2% [4]) versus those that survived 
(5 ? 1% [24]) also was significantly greater (t26 
= 6.4, P < 0.001). 
One white-eye died shortly following collec- 
tion of an initial blood sample. On necropsy, the 
animal had ample fat reserves, severe subcuta- 
neous hemorrhage at the venipuncture site, and 
severe diffuse pulmonary congestion. Gross pa- 
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thology for all other birds revealed an almost 
complete lack of body fat, pale and tacky dry 
musculature and internal organs, and the entire 
gastrointestinal tract coated with small amounts 
of bile stained mucus. Histology revealed mod- 
erate to severe atrophy of spleen, liver, and pan- 
creas, accumulation of hemosiderin in liver, and 
marked depletion of bone marrow red cell pre- 
cursors. Mild, focal, acute necrosis and hemor- 
rhage were seen in kidney, liver, or skeletal mus- 
cle of three birds. No inflammation or infectious 
organisms were observed. 
DISCUSSION 
All mortalities occurred during the first 24 hr of 
captivity regardless of trial. Lack of overnight 
thermal support probably accounted for de- 
creased survival in trial 1. This was confirmed 
by repeating this trial with overnight thermal 
support which resulted in increased survival. 
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Most likely, near freezing night-time tempera- 
tures induced birds to torpor with consequent in- 
ability to feed or thermoregulate culminating in 
death. Ketterson and King (1977) found similar 
phenomena in White-crowned Sparrows (Zono- 
trichia leucophrys gambelii) experimentally ex- 
posed to fasting and low temperatures. Chaplin 
(1974) noted that Black-capped Chickadees (Pa- 
rus atricapillus) reduce their metabolic expen- 
diture and body temperature when exposed to 
freezing ambient temperature overnight. In our 
study, maintaining night time aviary tempera- 
tures at 4-80C appeared to increase survival. 
Birds had little trouble thermoregulating during 
the day when temperatures reached 15-180C; we 
base this conclusion on increased food con- 
sumption and weight gain during daylight hours. 
Ketterson and King (1977) report increased met- 
abolic rate during the day in captive White- 
crowned Sparrows, and Chaplin (1974) found a 
similar phenomenon in chickadees. 
Because death in captive small passerines can 
occur rapidly (< 24 hr), it is critical that weight, 
food consumption, and fecal production for in- 
dividual birds be closely monitored, particularly 
if animals are to be held overnight. Food con- 
sumption served as a valuable adjunct to moni- 
toring weight loss. For example, some birds that 
survived lost as much as 2% of their body 
weight per hour over a 16-hr period but would 
invariably gain weight in the subsequent period 
if they ate. Hourly fecal production also indi- 
cated if birds were eating; however, fecal com- 
position (percent urates) was more variable. Al- 
though feces classified as < 25% or > 75% 
urates served as crude guides to indicate whether 
birds were calorie deficient, we saw little value 
in classifying feces as 25-75% urates. We found 
that offering both nectar and fruit to both species 
was important because some individuals ap- 
peared to intermittently prefer one or the other. 
Factors such as age, capture weight, fat score, 
or holding time did not influence survival in this 
study. We cannot explain why shorter holding 
time in weighing bags in trial 1 would account 
for lower survival in white-eyes. Inability to de- 
tect significant difference in other parameters 
between trials can be partly attributed to small 
sample size. Because capture weight increases 
with time of day in Amakihi, this may be used 
to beneficial effect during translocations in that 
birds caught later in the day would start the cap- 
ture/translocation process with greater reserves. 
Based on mortality and weight loss, transport 
provided relatively little risk to birds. The sig- 
nificantly higher weight loss during transport in 
trial 3 for white-eyes may have been due to low 
nectar consumption, but spillage of nectar dur- 
ing transport precluded accurate calculations of 
nectar consumption. Alternatively, excessive ac- 
tivity of white-eyes also may explain significant 
weight loss at transport for trial 3. Although the 
small size of transport compartments were de- 
signed to discourage movement, activity level 
varied. Quantifying activity during transport 
may help explain differences in weight loss dur- 
ing this treatment in future studies. Weight loss 
during transport for both species was greater for 
trials 1 and 3 where transport was the first treat- 
ment after captivity. It is likely that acclimation 
to captivity contributed to lower transport 
weight loss in trial 2. 
Amakihis and white-eyes responded to trans- 
location through weight loss, anemia, hypopro- 
teinemia, hyperuricemia, hypercreatinemia, and 
heterophilia. Clinical pathology changes in the 
larger Amakihi, particularly in hematocrit and 
uric acid, were usually more pronounced than 
those of smaller white-eyes. Lower survival for 
Amakihi during trial 1 also suggested this spe- 
cies was more sensitive to translocation than 
white-eyes. Kendeigh (1969) noted that larger 
birds withstand fasting longer than smaller birds. 
The Common Amakihi is heavier than the Jap- 
anese White-eye and presumably should be 
more resistant to fasting, however we are cau- 
tious about drawing such conclusions on a lim- 
ited sample size using species of similar weight. 
Kendeigh (1969) examined time to death to 
evaluate relative ability of different sized birds 
to withstand fasting. Clinical pathologic re- 
sponse in fasting birds of differing weight may 
not follow the same pattern as time to death. 
Anemia in both species was due to bone mar- 
row exhaustion. We based this conclusion on 
histologic evidence of depletion of marrow red- 
cell precursors in birds that died. Other than one 
bird which had a very low parasitemia with 
Plasmodium sp., we saw no evidence of other 
causes of anemia such as excessive blood loss, 
chronic inflammation, or blood parasites (Camp- 
bell 1994). Based on initial weights and hema- 
tology, it is unlikely that birds were nutritionally 
compromised at capture, thus ruling out predis- 
posing deficiencies such as iron or vitamin B 1 
(Campbell 1994). Hypoproteinemia was proba- 
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bly secondary to catabolism of body protein 
stores as evidenced by weight loss and atrophy 
of internal organs. We saw no evidence of renal 
or gastrointestinal disease that could account for 
protein loss through these routes. Catabolism of 
body protein stores also would account for hy- 
peruricemia and elevated CPK (Hochleithner 
1994). Histology did not incriminate renal dis- 
ease as a cause of hyperuricemia. Hemoconcen- 
tration could explain elevated uric acid and CPK 
levels. Heterophilia is a common manifestation 
of stress in birds (Gross and Siegel 1983). 
We suspect that birds that died in captivity 
quickly catabolized available fat stores and then 
proteins. Because insufficient food was con- 
sumed, continued catabolism of protein led to 
hyperuricemia and hypercreatinemia. Subse- 
quent atrophy of internal organs, including liver, 
led to inability to generate plasma proteins and 
hypoproteinemia. Insufficient protein was prob- 
ably responsible for bone marrow atrophy and 
subsequent anemia. This led to weakness, in- 
ability to feed, dehydration, and hemoconcentra- 
tion with further elevations of CPK and uric 
acid, and eventually, death. Jordan (1953) also 
noted atrophy of internal organs in mallards ex- 
perimentally exposed to starvation but did not 
measure clinical pathologic parameters. 
When translocating small passerines, trans- 
porting to the release site immediately after cap- 
ture may be the safest option. If birds are to be 
held beyond 12 hr, it is critical that they be in- 
dividually monitored regularly. We judge that 
housing birds in groups in aviaries will make 
such monitoring problematic. Housing birds in- 
dividually allows for more precise monitoring, 
minimizes competition for space and food re- 
sources, and facilitates manipulation for exami- 
nation or release. In particular, these consider- 
ations should be carefully evaluated when en- 
dangered birds are translocated. 
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